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Effect of diuresis and nephron dimensional heterogeneity on the
distribution of nephron filtration rates. Conflicting data in studies of
the effect of natriuresis on intrarenal single nephron glomerular
filtration rate (SNGFR) redistribution may arise from the inter-
play of hitherto largely overlooked factors. In the present work,
the effect of diuresis induced by saline, glucose or mannitol, as well
as the effect of anatomical nephron heterogeneity, were studied. A
highly significant positive correlation was found between the loga-
rithm of the urine flow per gram of kidney weight (log V) and the
mean superficial (S) to mean juxtamedullary (JM) SNGFR ratio.
The rise in S/JM SNGFR with diuresis was primarily a function of
decreased JM SNGFR. Total proximal tubular length (TPL) was
used as a measure of nephron size. The distribution of nephron
sizes was evaluated as S/JM TPL. The effects of urine flow and
anatomical heterogeneity on S/JM SNGFR were separated by
means of multiple regression analysis, which yielded the following
equation: S/JM SNGFR = —0.049 + 0.179 log V + 0.818 S/JM
TPL. Both slopes were highly significant (P < 0.001). These find-
ings indicate that S/JM SNGFR increases with urine flow, inde-
pendently of sodium homeostasis, and that anatomical hetero-
geneity has a marked effect and must, therefore, be controlled.
Conflicting data in the literature are harmonized with the present
data when appropriate correction can be made for the dimensional
factor. There is no evidence that SNGFR redistributions play a
role in sodium homeostasis.
Effets de I'état dediurèse et de I'hetérogénéité de dimension des
néphrons sur Ia distribution des debitsde filtration glomerulaire. Des
résultats contradictoires dans l'étude des effets de Ia natriurèse sur
Ia redistribution des debits de filtration glomerulaire des néphrons
(SNGFR) peuvent Ctre Ic fait de l'interaction de facteurs non pris
en consideration jusqu'à present. Dans Ic present travail on a
étudié l'effet de Ia diurCse induite par le chlorure de sodium le
glucose ou Ic mannitol ainsi que l'effet de l'hétérogénéité anato-
mique des néphrons. Une correlation positive très significative a
été constatée entre le Iogarithme du debit urinaire par gram me de
rein (log V) et Ic rapport du SNGFR superficiel moyen (S) au
SNGFR juxta-médullaire moyen (JM). L'augmentation de S/JM
SNGFR au cours de Ia diurése est surtout fonction de Ia dimin-
ution de JM SNGFR. La Iongueur totale du tube proximal (TPL)
a été utilisCe comme mesure de Ia taille des néphrons. La distribu-
tion des tailles des néphrons a été évaluée par S/JM TPL. Les effets
du debit urinaire et de l'hétérogénéité anatomique ont été séparés
au moyen de l'analyse de regressions multiples qui a donné
l'equation S/JM SNGFR = — 0,049 + 0,179 log V + 0,818 S/JM
TPL. Les deux pentes sont trés significatives (P < 0,001). Ces
constatations indiquent que S/JM SNGFR augmente avec Ic debit
urinaire, indépendamment de I'homéostasie du sodium, et que
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l'hétérogénéitC anatomique a un effet important et doit donc être
contrôlée. Les résultats contradictoires de Ia littérature sont en
accord avec les observations rapportées ici quand les corrections
adCquates sont faites en fonction du facteur de dimension. II n'y a
pas d'indication que Ia redistribution de SNGFRj0ue un role dans
l'homéostasie du sodium.
Recent animal studies [1, 2] in this laboratory have
yielded results that show no change in the intrarenal
distribution of single nephron glomerular filtration
rates (SNGFR) during the imposition of different
chronic levels of dietary sodium intake and mainte-
nance of sodium balance. In these animals, appropri-
ate adjustments in sodium excretion were achieved
primarily by changes in urinary sodium concentra-
tion with little change in urine flow. In contrast, other
workers [3—7] have observed a change in SNGFR
distribution toward the superficial nephrons during
an increase in both sodium output and urine flow
following acute i.v. sodium loading. The role of
SNGFR redistribution in the homeostatic control of
sodium excretion remains, therefore, in doubt. The
two conflicting observations could, however, be rec-
onciled if the redistribution which followed acute i.v.
sodium loading did not arise in response to the so-
dium load per se but rather to the marked diuresis
associated with this procedure. In other words, re-
distribution would be a consequence of the diuresis
rather than a primary natriuretic mechanism. This
view is strengthened by observations made under
conditions of glucose [3] and water [2, 8] diuresis,
suggesting that a similar redistribution of SNGFR
may occur with diuresis independently of natriuresis.
It was of interest, therefore, to explore further the
effect of urine flow on SNGFR distribution, with an
attempt to define the nature of this effect in more
quantitative terms. For this purpose, a wide range of
urine flows was studied, from low, basal levels to
higher values achieved during infusions of isotonic
saline, glucose or man nitol. The SNGFR distribution
was assessed as the ratio of mean superficial (S) to
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mean juxtamedullary (JM) SNGFR in each experi-
ment.
Another factor which could contribute to the di-
versity of results obtained with both the Hanssen
technique [9] and micropuncture is the already docu-
mented [1, 5, 10-12], but largely ignored, association
between nephron size and SNGFR. It has been dem-
onstrated [3] that repeated nephron samples micro-
dissected from a given cortical layer of the same rat
kidney can yield different mean tubular lengths and it
follows that the superficial/juxtamedullary (S/JM)
ratios of total proximal tubular length (TPL) can also
vary from sample to sample. It may be inferred,
therefore, that the S/JM SNGFR ratio changes sim-
ilarly. These variations can be expected to be greater
when comparing samples from different animals.
That this is indeed the case can be seen in the pub-
lished literature. In 16 rats studied by de Rouffignac
and Bonvalet [5], the individual S/JM TPL varied
between 0,649 and 0.954. In a previous study from
this laboratory [11 it varied between 0.750 and 1.138
and a correlation between this ratio and the corre-
sponding S/JM SNGFR was evident. In order to
determine the extent to which this anatomical hetero-
geneity can distort the effect of physiological changes,
the present study will attempt to derive a mathemati-
cal expression describing the anatomical factor in
more quantitative terms.
Methods
The study was carried out in 41 male, albino Sher-
man-Wistar rats. Results of experiments on 24 non-
diuretic animals maintained on low, standard or high
dietary sodium intake and given only saline at low
infusion rates (20 tl/min) during the study were pre-
sented in part elsewhere [1, 13] and are included here
for further analysis. The remaining 17 rats were fed a
standard pellet diet and tap water. All animals were
fasted overnight but allowed water ad lib. Each ex-
periment was carried out under pentobarbital anes-
thesia. An infusion of isotonic saline at 20iI/min was
given to all animals as a vehicle for 3H-methoxy-
inulin.
Saline diuresis. Seven rats were given 5 ml of 0.9%
NaCI at I ml/min, followed by a constant infusion at
rates varying between 0.10 and 0.40 ml/min. The
infusion was maintained up to the time of 14C-fer-
rocyanide administration for measurement of
SNGFR.
Glucose diuresis. Six rats were given 30% dextrose
in water at progressively increasing rates. The in-
fusion rate was 0.097 mI/rn in during the final 35 to 70
mm in four, and 0.194 mI/mm during the final 40 mm
in the other two. At the latter infusion rate, urinary
fluid losses were larger than infusion gains; the differ-
ences were immediately measured and corrected by
repeated injections of 0.45% NaCI.
Mannitol diuresis. Four rats were given 8 to 12%
mannitol in 0.5% NaC1 at 0.764 mI/mm. Fluid bal-
ance was adequately maintained without further cor-
rective measures.
Single nephron GFR. The character of the experi-
mental procedure required certain minor modifica-
tions in the labelled ferrocyanide technique pre-
viously described [1, 13]. The time allowed for
ferrocyanide transit was decreased to 10 sec in studies
of saline diuresis and increased to 15 sec in the man-
nitol studies, owing to the pronounced increase and
decrease, respectively, of the proximal tubular fluid
velocity. The ligature around the left renal pedicle
was extended to include the ureter in the mannitol
studies in an effort to prevent intrarenal fluid dis-
placements that could presumably follow decompres-
sion of the engorged renal pelvis present in these
extremely diuretic kidneys. The right ureter was cath-
eterized in the saline studies. In two of these the right,
instead of the left, kidney was taken for micro-
dissection. The bladder was catheterized with larger
bore tubing (PE 90) in the mannitol studies, instead
of the customary PE 50. A total of at least 36 neph-
rons, 12 from each of three zones—superficial, inter-
mediate and juxtamedullary—were routinely dis-
sected from each kidney for the determination of
SNGFR and TPL. The latter was measured from
glomerulus to thin limb on camera lucida tracings.
Eleven additional rats were studied by the Hanssen
technique as modified by de Rouffignac, Deiss and
Bonvalent [121. Six of these were in the nondiuretic
state, i.e., were given only the standard inulin in-
fusion at 20 uI/rn in, while five were studied using the
mannitol-diuresis protocol described above. Neph-
ron samples for SNGFR were obtained as usual, but
proximal tubules were cut at the level of the Prussian
blue front before counting, as required by this tech-
nique [12].
Other methods. Plasma protein concentration was
measured by a hand refractometer. Other laboratory
procedures have been described elsewhere [1, 13].
Statistical methods and abbreviations are based on
the work of Snedecor and Cochran [14]. Values were
recorded as the mean SEM throughout, except as
indicated. Statistical calculations were carried out on
a computer (Olivetti 101 Desk Computer) using Oli-
vetti programs.
Results
Renal function. Isotonic saline loading resulted in a
final volume expansion averaging 8% of body wt, meas-
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ured as the difference between fluid input and output
at the time of ferrocyanide administration. This ex-
pansion was responsible for a drop in plasma protein
concentration from a mean of 5.2 g/100 ml to a mean
of 3.5 g/100 ml (Table 1) (control initial value imme-
diately after inulin equilibration on 19 nondiuretic
rats: 5.6 0.1 SEM; final: 5.3 0.1 g/100 ml). Urine
flow increased less than sevenfold, and inulin clear-
ance was 17% higher, relative to the nondiuretic
group (Table I).
In glucose loading experiments the final volume
expansion amounted to a mean of only 3% of body
wt, as a consequence of the larger urine flow which
was about 25 times flow at the hydropenic level.
Plasma protein concentration was not measured in
this group. However, in another group of five glu-
cose-diuretic rats studied separately in the same fash-
ion, the mean fluid volume gain was a comparable
2.6% of body wt and plasma protein concentration
fell from a mean of 5.5 to 4.6 g/lOO ml, a smaller fall
than in the preceding, saline-diuretic group.
The largest diuretic response, averaging more than
100 times control, was achieved with mannitol. The
infusion rate was calculated to approximate the urine
flow closely, so that at the end there was no net fluid
retention. In fact, the net fluid balance in this group
was negative when compared to the modest 1.5% gain
typically observed in nondiuretic, control rats (Table
1).' Furthermore, the mean initial plasma protein
'The measurement of net fluid balance does not include an estimate
of surgical losses. Note that urine flow in Table I is expressed per
gram of kidney wt. The actual mean urine flow in the mannitol
group was 0.726 mI/mm.
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353 1.45 +7 23 1.35 17.5 17.9 0.982 0.906 3.2
421 1.62 +9 21 1.08 14.6 19.0 0.766 0.786 2.7
264 1.39 +11 22 1.29 15.6 17.8 0.858 0.896 2.8
312 1.15 +8 8.7 1.30 16.7 21.6 0.774 0.962 3.4
401 1.41 +4 7.1 1.00 14.6 16.0 0.910 0.926 4.2
375 1.46 + 12 6.2 1.19 11.8 15.1 0.782 0.897 —
358 1.40 +8 16.7 118d 15.06"
Glucose diuresis
17.46 0.866 0.901 3.5
442 1.28 +4 18 0.88 13.5 15.2 0.886 0.867
352 1.44 +5 23 1.12 17.8 17.6 1.022 0.823
316 1.38 0 165 0.90 17.8 14.9 1.191 0.867
404 1.55 +5 77 0.91 11.4 10.7 1.061 0.822
438 1.67 +3 31 1.00 15.0 15.3 0.982 0.880
414 1.31 +2 23 1.01 13.0 15.1 0.910 0.909





248 1.30 —0.7 242 1.02 15.3 15.9 0.960 0.914 6.1
240 1.29 —1.4 229 0.95 12.3 12.1 1.022 0.836 5.0
261 1.44 +0.4 224 1.08 14.1 15.7 0.900 0.765 5.1
200 1.03 +1.0 457 1.08 15.7 12.0 1.305 0.933 5.4
237 1.26 —0.2 288 1.03 14.35
+0.76




342" 1.38 87 1.07 14.83 15.69d o959C 0.878
0.04
Nondiuretic (N = 24)C
286 1.09 +1.5 3.2 1.01 14.06 18.25 0.77k 0.892
0.04 +0.1 +0.03
Kidney wt: weight of one kidney; YE: volume expansion, measured as the difference between volume infused minus urinary and blood losses;
V: urine flow, two kidneys; C,,,: inulin clearance, two kidneys; SNGFR: single nephron glomerular filtration rate; S: superficialnephron;
JM: juxtamedullary nephron; TPL: total proximal length; PP: plasma protein concentration.
bMean SEM.
C Individual data from nondiuretic rats presented elsewhere [1, 13J.
d p <0.025 when compared to the nondiuretic group.
"P <0.001 when compared to the nondiuretic group:
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concentration was 5.4 g/100 ml and remained un-
changed at the end of the study (Table 1).
Urine flow and intrarenal distribution of SNGFR.
The ratio between mean SNGFR in superficial neph-
rons (S) and mean SNGFR in juxtamedullary units
(JM) may be used as an index of the intrarenal
SNGFR distribution.
As shown on Table 1, the S/JM SNGFR ratio was
higher in each diuretic group than the mean for non-
diuretic rats. Also the mean ratio for each diuretic
group appeared to be positively related to the mean
diuretic level achieved. However, there was no signifi-
cant difference in this ratio between the glucose- and
the mannitol-diuretic groups, possibly owing to the
small number of animals and the overlap in diuretic
levels. Taken together, the glucose- and mannitol-
diuretic groups had a significantly higher S/JM
SNGFR than the saline-diuretic (P < 0.025) and the
nondiuretic (P < 0.001) groups. The saline-diuretic
group had a higher ratio than the nondiuretic group,
but the difference was not significant (P > 0.10).
Although the individual groups were small in num-
ber and intergroup differences sometimes too little
for statistical significance, there was a definite trend
for the S/JM SNGFR ratio to rise with diuresis.
Plotted directly on linear paper, this rise was clearly
nonlinear, rapid at first as urine flow increased from
basal, nondiuretic, to intermediate levels, with addi-
tional increments occurring more gradually, as urine
flow became extremely large.
It appeared most likely that this type of nonlinear
behavior could be represented by exponential or par-
abolic functions of the type x = a b' or y = a x".
Both these equations can be rendered linear by the
transformations y = a' + b' log x and log y = a' + b'
log x, respectively. Accordingly, the data were plotted
1 5 10 20 50 100200 500
Urine flow, pl/min/g of kidney wt
Fig. 1. Correlation between urine flow and the S/fM SNGER ratio
in 41 hydropenic, saline, glucose and inannitol diuretic rats (closed
circles). Regression line by least suares:y = 0.691 + 0.617 x; r =
0.753; N = 41 rats; where y = S/JM SNGFR and x = log urine
flow per gram of kidney weight. Open circles represent rats given
'4C-FeCN by the constant-infusion technique [11].
5
0
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Urine flow, 1ul/min/g of kidney wt
Fig. 2. Effect of diuresis on the separate S (closed circles) and JM
(open circles) SNGFR. The regression equations obtained by least
squares were, respectively: SNGFR = 13.47 + 0.747 log V(r = 0.237, P > 0.10) and SNGFR = 19.14 — 2.18 log V ( r =
0.438, P < 0.005).
as log V vs. S/JM SNGFR and log V vs. log S/JM
SNGFR. The distribution of data points became
seemingly linear in each case and a straight line was
fitted by the least squares method yielding the follow-
ing equations: S/JM SNGFR = 0.691 + 0.167 log V
and log S/JM SNGFR = —0.156 + 0.0839 log V.
The correlation coefficients were 0.753 and 0.754,
respectively (P < 0.001). Therefore, both plots in-
dicated a significant relationship between urine flow
and S/JM SNGFR, and no gain in precision was
achieved by taking the log S/JM SNGFR, undoubt-
edly owing to the narrow range of variation of this
ratio. Consequently, the first of these two transfor-
mations was chosen to serve as a basis for further
discussion and presentation in Fig. 1. In order to test
further the validity of the straight-line fit, the parab-
ola S/JM SNGFR = a + b log V + c (log V)2 was
also fitted, and the reduction in the summed squared
deviations from the new regression curve as com-
pared to the straight regression line was tested against
the mean square deviation (F test), as recommended
by Snedecor and Cochran [14, p.455]. The new equa-
tion was 0.690 + 0.166 log V + 0.00064 (log V)2, and
the F = 0.1007 indicated nonsignificant deviation
from linearity.
It was of interest to explore whether the rise in the
S/JM SNGFR ratio with diuresis was dependent pri-
marily on a rise in S or a fall in JM SNGFR. Accord-
ingly, the individual mean S and JM SNGFR/100 g
of body wt in the 41 rats studied by our standard
technique were plotted against the corresponding log
V (Fig. 2). The slope of the regression line for S (b
0.747 0.490 Sb) was not significantly different from
zero (P < 0.10), whereas that for JM (—2.181
0.7 17) did differ significantly (P < 0.005), suggesting
that the rise in S/JM SNGFR was primarily due to a
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The anatomical factor in the distribution of SNGFR.
The known proportionality between nephron size
and SNGFR may affect the S/JM SNGFR ratio
measured from a small fraction of the nephron popu-
lation, if the S/JM ratio of nephron sizes sampled is
not constant. Since nephron size cannot be measured
before sampling, this source of variation is difficult to
control. Whether or not it must be controlled de-
pends on the magnitude of its effect. In order to gain
some insight into the quantitative aspects of this fac-
tor, nephron size was evaluated as total proximal
length (TPL).2 It was assumed that S/JM SNGFR
had been affected simultaneously by log V and S/JM
TPL, and that the latter parameter had an approxi-
mately linear effect on S/JM SNGFR [1}. By mul-
tiple regression analysis, the following relationship
was obtained: S/JM SNGFR = —0.049 + 0.179
log V + 0.818 S/JM TPL. The slope S/JM
SNGFR / z S/JM TPL = 0.818 0.202 (Sb) was
significantly different from zero (P < 0.001) and
quite close to unity, suggesting that variations in
S/JM TPL may induce almost parallel changes in
S/JM SNGFR.
Another benefit to be derived from this equation is
that the effect of log V can be studied at constant
S/JM TPL. Thus, introducing the mean S/JM TPL
= 0.886 obtained in this study, the equation becomes
S/JM SNGFR = 0.676 + 0.179 log V, which is
slightly different from that of Fig. 1 and probably
represents a better approximation to the true rela-
tionship.
Discussion
In the present study, diuretic kidneys exhibited a
redistribution of SNGFR toward S nephrons which
increased gradually with urine flow regardless of
whether diuresis was induced by saline, glucose or
mannitol. The fact that this relationship was approxi-
mately linear when plotted semi-logarithmically in-
dicates that tenfold increments in urine flow elicit
equivalent linear increments in S/JM SNGFR.
It has been suggested [5, 7] that, under conditions
of acute sodium loading, a redistribution of SNGFR
could represent a homeostatic mechanism geared to
facilitate sodium rejection and/or to correct for the
concomitant extracellular fluid volume expansion.
Since in the present study a significantly greater
SNGFR redistribution was observed with sodium-
free glucose and mannitol infusions, a homeostatic
mechanism geared to eliminate excess sodium cannot
2While SNGFR is, strictly speaking, a measure of glomerular
function, it is known that glomerular and tubular dimensions are
correlated [II, 15]. TPL was chosen because it can be measured
more accurately.
readily be invoked. However, extracellular volume
expansion could have occurred without positive so-
dium balance by displacement of fluid from the in-
tracellular to the extracellular compartment. That
this was not the case in the mannitol group is evident
in the unchanged plasma protein concentration (Ta-
ble 1). Although plasma proteins were diluted to
some extent in the glucose group (see Results), they
were so to a much lesser degree than in the saline
group, while SNGFR redistribution was significantly
greater in the combined glucose and mannitol
groups.
The question then arises as to whether the redistri-
butions observed in other studies during acute so-
dium rejection in the rat [3—7, 16] were in fact merely
the response to the accompanying diuresis. This can
now be examined by plotting their urine flow data,
expressed per gram of kidney wt, on log axis against
the corresponding S/JM SNGFR. If diuresis alone is
responsible for redistribution, the data should fall
close to the regression line of Fig. 1, or, even more
properly, to that determined by the multiple regression
equation. This regression line is based on a fixed
S/JM TPL of 0.886, the mean for the 41 rats in this
study. Strict comparability requires that S/JM TPL
be close to the mean value of 0.886. The comparison,
therefore, can only be made when data on urine flow,
kidney weight, S/JM SNGFR and S/JM TPL are
available. Only two other studies provide the re-
quired data [3, 5] and, in addition, pertinent unpub-
lished data could be retrieved from our earlier work
[4]. Urine flows per gram of kidney wt and S/JM
SNGFR ratios were plotted on semilog paper, in the
manner of Fig. 1 (Fig. 3a). The points display a
tendency to follow the regression line predicted by
the multiple regression equation, but the data from
Baines [3] appear to have a less steep slope mainly
due to the unexpectedly low S/JM SNGFR exhibited
by the group at a urine flow of 46 tl/min/g of kidney
wt. All the data from these three studies were then
adjusted to an S/JM TPL of 0.886 by means of the
formula derived from the multiple regression equa-
tion: corrected S/JM SNGFR = observed S/JM
SNGFR + 0.818 (0.886 — observed S/JM TPL).
This adjustment could be carried out individually for
each rat in the study of de Rouffignac, Bonvalet and
Deiss [5] and in our previous work [4], but only on
the means for each group in the study of Baines [3].
The original grouping of the other workers' data, two
and four, respectively, was retained since in both
studies each group represented a different diuretic
level. Figure 3b shows that the means fall now re-
markably close to the regression line and that there is
less scatter in the individual-animal data of de Rouf-
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looped JM nephrons. It is of interest in this respect to
note that in the present study diuresis was associated
with a fall in JM-SNGFR, but no change in S-
SNGFR (Fig. 2), while in other studies diuresis was
associated with a greater rise in S. than in JM-
SNGFR [5, 7]. In the latter studies a saline diuresis
was elicited. Under these circumstances there is usu-
ally a rise in overall glomerular filtration rate (GFR),
as was also the case in the study reported here (Table
1) (P < 0.025). When whole-kidney GFR rises, it is
more than likely that S-SNGFR will also rise, since S
nephrons comprise about one-half to two-thirds of
the nephron population [11-13]. This was, in fact, the
case for the saline-diuretic rats in this study (Table 1),
although the rise in S-SNGFR was not significant (P
> 0.10) or proportional to the rise in GFR, presum-
able as a result of error involved in extrapolation
from small samples of the nephron population to
the whole kidney. It is possible that two factors op-
erate during saline diuresis, one to increase SNGFR
uniformly, such as a reduction in plasma oncotic
pressure, and another to restrict the rise in JM-
SNGFR, such as the effect of diuresis noted above.
A different type of physical mechanism capable of
inducing redistribution has been proposed by Davis
and Schnermann [8] to explain the effect of antidiu-
retic hormone (ADH). They argue that blood vis-
cosity in the vasa recta contributes to postglomerular
resistance and, therefore, to the hydrostatic pressure
in JM glomerular capillaries. The reduction in medul-
lary hypertonicity observed in the absence of ADH
would thus reduce both blood viscosity in the vasa
recta and JM-SNGFR. Since it is known that medul-
lary hypertonicity also falls during osmotic diuresis
[17], this mechanism could equally well apply to the
present findings. If this were the case, diuresis in-
duced by ADH suppression should affect S/JM
SNGFR in the manner predicted by this study. How-
ever, the available data are incomplete and seemingly
contradictory. In the study of Davis and Schnermann
[8], S/JM SNGFR rose with diuresis, but the mean
S/JM SNGFR of the antidiuretic group was unusu-
ally low (0.58) and it is not clear whether this is due to
the anatomical variance or to an effect of higher
ADH concentrations than those of the present rats.
In the study of Jamison, Buerkert and Lacy [18], JM-
SNGFR rose with diuresis, but only two to three
nephrons per animal were punctured and the change
was not significant. The S/JM SNGFR cannot be
obtained from their data because S nephrons were
punctured in a separate group of rats.
Chabardés et al [19] have suggested that the find-
ings of SNGFR redistribution during saline diuresis
may be an artifact due to a more marked streamlining
0.4
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Urine flow, j.il/min/g of kidney wt
Fig. 3: a, Datafrom published work for which urine flows, S/JM
SNGFR and S/fM TPL were available. Solid circles are from de
Rouffignac and Bonvalent [51, triangles from Baines [3] and
squares from Coelho et al [4]. Small symbols are individual animal
means, large symbols are group means. b, Same data, adjusted to an
S/fM TPL = 0.886. For details on recalculation, see text.
fignac and Bonvalet [5], lending support to the view
that anatomical heterogeneity can distort physiologi-
cal data and that the observed redistributions repre-
sent the effect of diuresis on the intrarenal SNGFR
distribution rather than the response to a sodium-
rejecting signal, as suggested by others [5, 7].
The mechanism whereby diuresis brings about a
redistribution of SNGFR toward the outer cortex is
not known. The fact, brought out by the present
study, that diuresis induced by two mechanisms as
different as extracellular volume expansion and direct
osmotic force have the same effect, dependent only
on the magnitude of the diuresis, suggests that the
mechanism is purely physical in nature. This has been
previously suggested by Baines [3] and Herrera-
Acosta et al [6] who proposed that engorgement of
vasa recta [3] or dilatation of collecting ducts [6]
could secondarily compress medullary structures and
increase intratubular pressure primarily in the long-
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Table 2. Effect of mannitol diuresis on the distribution between superficial and juxtamedullary nephrons of SNGFR










Mannitol diuresis (N = 5)
Mean 301 1.63 282 0.978 1.011 0.873
SEM 44 0.11 23 0.085
Nondiuretic (N = 6)
0.036 0.010
Mean 277 1.12 4.2 0.922 0.809 —
19 0.09 0.5 0.148 0.041 —
pb 0.001 0.8 0.005 —
PC 0.2 0.6 0.5 09
For abbreviations see Table I.
£ test: mannitol diuresis group vs. nondiuretic group.
test: mannitol diuresis group in this table vs. mannitol diuresis group in Table 1.
of ferrocyanide caused by the concomitant renal
vasodilation or reduced blood viscosity or both. It
was of interest, therefore, to evaluate possible techni-
cal differences between the short nonequilibrated in-
fusion of '4C-ferrocyanide used in the present study,
and the much more prolonged, essentially equili-
brated infusion used by the Saclay group [5, 12, 19].
Eleven additional rats were studied by the latter tech-
nique, six of which were nonduretic, and five manni-
tol-diuretic. The data were superimposable regardless
of technique (Fig. I) and a significant redistribution
was also observed in the new mannitol-diuretic group
(Table 2). Therefore, streamlining of label was not a
significant cause of redistribution in the present
study. However, this finding does not imply that
streamlining may not be a factor when the label is
given as a very rapid pulse.
Both Chabardés et al [19] and Clausen and Tysse-
botn [20] recently reported that saline diuresis did not
elicit SNGFR redistribution. This finding is not in
disagreement with the present results, since in our
saline-diuretic rats S/JM SNGFR was not signifi-
cantly higher than in nondiuretic controls (see Re-
sults). An insufficiently pronounced diuretic change
plus the distorting effect of anatomical variation can
readily account for this observation. Regarding the
first point, it should be noted that the three saline-
diuretic rats previously studied in our laboratory [4]
by the short-infusion technique [13] responded with a
much greater diuresis and a clearcut SNGFR redistri-
bution as shown in Fig. 3. Moreover, in a subsequent
study of Clausen [21], a greater diuretic change was
induced with saline infusion by prior contralateral
ureteral occlusion, and SNGFR redistribution was
concurrently observed.
In conclusion, the present study suggests that diu-
resis is associated with SNGFR redistribution from
JM towards S nephrons. The SNGFR redistributing
factor acts by either lowering, or reducing the magni-
tude of the rise of, JM SNGFR. The sensitivity and
reliability of the Hanssen technique for detecting
such SNGFR redistributions can be increased by tak-
ing into account the distorting effect of anatomical
variation. Quantitative estimates of the effects of ur-
ine flow and nephron dimensions on S/JM SNGFR
are given. Finally, as the present study offers alterna-
tive explanations for the finding of SNGFR redistri-
bution during the imposition of a sodium load [3—7,
16, 22], it supports the conclusion [1, 2, 19-21, 23]
that intrarenal SNGFR redistribution is not a mecha-
nism involved in the regulation of sodium home-
ostasis by the kidney.
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